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CHAPTER  I 


PURPOSE  OF  THE  INVESTIGATION 

This  investigation  is  an  attempt  to  determine  the 
relation  existing  between  the  variables:  sex*  chronological 
age  and  mental  age,  of  Grade  V.  students,  and  their  ability 
at  problem  solving  in  Arithmetic,  The  only  criterion  of  a 
pupil’s  arithmetical  ability  in  our  schools  to-day  is  the 
grade,  A  student  in  Grade  V,  is  assumed  to  be  intellect¬ 
ually  equipped  for  the  solving  of  questions  now  on  the  Grade 
V,  course  of  studies.  No  importance  is  attached  to  the  fact 
that  some  pupils  are  boys,  others  are  girls,  some  are  relative¬ 
ly  young,  others  several  years  older,  some  have  a  high  mental 
rating,  others  are  less  fortunate  in  this  respect.  Do  these 
differences  count  for  anything?  Or  since  all  the  students 
of  a  given  grade  have  reached  that  grade  at  the  same  time, 
the  younger  ones  possibly  through  some  degree  of  accelera¬ 
tion,  the  older  ones  owing  in  many  instances  to  retardation, 
should  they  now  be  judged  equally  capable  of  handling  the 
one  prescribed  sequence  of  work?  It  must  be  remembered  that 
in  reaching  Grade  V,  their  promotion  was  largely  based  on 
their  average  work  covering  several  widely  different  types 
of  learning. 

Just  what  relation  actually  exists,  however,  between 
the  ability  to  solve  arithmetical  problems,  and  sex,  chrono¬ 
logical  age  and  mental  age,  has  not  been  definitely  deter¬ 
mined,  although  much  has  been  done  in  recent  years  dealing 
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with  this  phase  of  learning. 

Such  questions  as  the  following,  arise;  Have  boys 
greater  ability  in  solving  problems  in  Arithmetic  than  girls? 
Taking  students  of  the  same  mental  age,  but  of  different 
chronological  ages,  do  the  younger  ones  show  greater  problem 
solving  ability,  or  has  past  experience  given  the  older  stu¬ 
dents  a  better  grasp  of  the  actual  meaning  of  the  process? 
These  and  many  other  questions  of  which  one  might  think,  may 
be  answered  partially  by  the  findings  of  this  investigation. 
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CHAPTER  II 


METHOD  OP  OBTAINING  DATA 
Distribution  of  pupils 

This  investigation  was  carried  out  with  students 
in  13  Grade  V,  rooms  in  the  City  of  Edmonton*  These  rooms 
averaged  33  students,  boys  and  girls,  and  were  chosen  from 
various  sections  of  the  city  in  order  to  ensure  a  sampling 
of  pupil  material*  The  distribution  of  pupils  is  shown  in 
Table  Is 

TABLE  I 

DISTRIBUTION  OF  GRADE  V*  CLASSES 


School 


Teacher  No*  Boys  No,  Girls  Total 


Alex,  Taylor 

f1 

Miss 

Wilson 

14 

14 

28 

Alex,  Taylor 

(2) 

Miss 

Dorsay 

16 

13 

29 

Garneau 

Miss 

Meldrum 

15 

16 

31 

Highlands 

(1) 

Miss 

Brown 

25 

14 

39 

Highlands 

(2) 

Miss 

Alexander 

21 

19 

40 

King  Edward 

(1) 

Miss 

Durrand 

21 

13 

34 

King  Edward 

(2) 

Miss 

Potter 

11 

20 

31 

McCauley 

1 

miss 

Martin 

10 

19 

37 

McCauley 

(2) 

Miss 

Thompson 

16 

17 

33 

Oliver 

(1) 

Miss 

Young 

12 

17 

29 

Oliver 

(2) 

Miss 

Ravies 

15 

19 

34 

Parkdale 

1) 

Miss 

Mill 

11 

21 

32 

Parkdale 

2) 

Miss 

Thomas 

16 

-  19 

-25. 

211  221  432 


All  of  the  above  classes  were  graded  as  average, 
none  having  been  composed  of  pupils  of  special  or  inferior 
ability*  It  is  well  known  that  experience  enters  largely 
as  a  factor  in  the  accomplishments  of  any  pupil*  With 
the  selection  of  pupils  from  various  districts  in  the  city. 
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the  influence  of  home  and  social  environment  will  have  a 
tendency  to  be  ironed  out* 

Three  distinct  types  of  data  were  required  from 
each  student,  and  as  these  were  obtained  on  different 
mornings  or  afternoons,  it  occasionally  happened  that  a 
student  would  answer  one  or  two  sets,  but  be  absent  for 
the  third.  These  students  were  struck  from  the  list  and 
only  those  remained  who  had  handed  in  all  the  required 
papers.  This  procedure  reduced  the  number  of  girls  to 
217,  and  the  number  of  boys  to  210,  a  total  of  427* 

Time  of  testing.-- -All  tests  were  given  late  in 
October  or  early  in  November  of  1931.  No  cognizance  was 
taken  of  the  actual  time  the  individual  pupils  had  attends 
ed  school,  or  had  been  in  Grade  V. 

SETS  OE  DATA 

Three  sets  of  data  were  obtained:* 

(1)  Scores  on  a  test  consisting  of  the  type  of  Arith¬ 
metic  problems  usually  found  in  our  public  schools, 
known  hereafter  as  wTest  A*. 

(2)  Scores  on  a  second  type  of  question  paper,  aimed 
to  test  the  reasoning  ability  of  the  pupils,  and 
known  hereafter  as  MTest 

I.  Q.  rating,  obtained  from  a  mental  test,  known 
hereafter  as  MTest  C" . 


(3) 
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Test  A. — This  test  consisted  of  ten  problems  of  the 
usual  type,  arranged  in  order  of  increasing  difficulty. 

These  were  not  all  typical  Grade  V.  problems.  As  a  matter 
of  fact,  they  were  selected  from  a  large  list  of  problems 
previously  submitted  to  Grades  III.  to  VII.  in  Alberta 
schools,  after  having  been  standardized  at  the  School  of 
Education.  Prom  some  5000  returns  made,  these  ten  problems 
were  selected  as  representing  a  scale  of  steps  of  equal  dif¬ 
ficulty.  Each  mimeographed  sheet  handed  to  the  pupil  con¬ 
tained,  in  addition  to  the  ten  problem  questions,  spaces  for 
the  name  of  the  school,  the  pupil* s  name,  the  sex,  and  the 
chronological  age^’  calculated  in  years  and  months. 

Test  B.-- This  second  test  consisted  of  ten  problems, 
arranged  in  order  of  increasing  difficulty.  Instead,  however, 
of  aiming  to  test  the  purely  mechanical  application  of  num¬ 
bers  to  problems,  the  questions  presented  were  of  such  a 
nature  as  to  require  a  carefully  thought  out,  or  as  it  was 
intended  to  be,  a  “reasoned*11  answer.  Hie  many  and  varied 
answers  on  these  returns  indicated  clearly  that  the  pupil 
was  face  to  face  with  a  new  problem,  where  the  simple  fol® 
lowing  of  the  teacher* s  earlier  directions  would  not  suf¬ 
fice  to  bring  the  desired  results.  The  quiz  questions  on 
this  test  had  previously  been  standardized  at  the  School  of 
Education. 

hereafter,  in  this  thesis,  the  term  “age”  will 
denote  “chronological  age",  unless  otherwise  stated. 
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A  copy  of  each  of  the  preceding  tests  is  appended 
to  this  chapter. 

Test  C. — The  mental  age  of  each  pupil  was  based 
upon  the  score  obtained  on  the  McCall  Multi-Mental  Test 
(Elementary  School,  Form  la).  This  scale  is  recognized 
as  valid  and  reliable,  and  while  built  particularly  for 
pupils  in  the  United  States,  is, with  minor  exceptions, 
quite  valuable  in  the  schools  of  any  English  speaking  coun¬ 
try. 

Uniformity  of  Procedure.— It  was  essential  in 
the  giving  of  these  tests  in  the  various  classes,  that  all 
pupils  be  placed  as  nearly  as  possible,  under  similar  con¬ 
ditions.  It  was  felt  that  the  room  teacher  should  play  no 
part  in  the  testing.  Therefore  a  number  of  reliable  stu¬ 
dents  in  attendance  at  the  School  of  Education,  were  select¬ 
ed  for  the  task  of  obtaining  the  results.  The  students  were 
given  definite  and  detailed  instructions  on  procedure,  and 
through  the  co-operation  of  the  City  Assistant  Superintend¬ 
ent  and  the  City  Public  School  Inspector,  were  able  to 
% 

carry  out  the  tests  in  the  thirteen  selected  rooms  with  a 
maximum  of  uniformity.  The  writer  with  one  assistant  mark¬ 
ed  both  sets  of  answer  papers,  having  previously  agreed  upon 
the  standard  of  marking. 

The  multi-mental  test  was  given  in  all  the  classes 
by  Mr.  Sullivan,  the  City  Public  School  Inspector,  and  also 
scored  by  him. 

This  procedure,  it  was  felt,  insured  at  least  an 
acceptable  degree  of  uniformity. 


7- 


Difficulty  in  marking. --Some  difficulty  was  ex¬ 
perienced  in  selecting  a  proper  standard  of  marking.  This 
was  particularly  true  in  the  case  of  the  harder  and  longer 
problems.  A  student  would  carry  a  process  through  correctly* 
but  err  in  the  mechanical  work.  Since  it  was  necessary  to 
mark  a  question  either  right  or  wrong*  and  not  to  assign 
part  marks  it  was  agreed  to  judge  the  question  on  the  basis 
of  reasoning  ability.  This  method  is  open  to  criticism* 
but  it  should  be  noted  that  relatively  few  students  were  thus 
judged  and  that  these  were  almost  invariably,  those  who 
obtained  the  greatest  number  of  correct  solutions. 
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TEST  A 

SCHOOL _  NAME _ _ 

GRADES  3„  4,  5,  6  and  7  SEX _ 

AGE:  YEARS _ MOUTHS 


No.  1  There  are  30  days  in  June  and  31  in  July.  How  many 
days  are  there  in  the  two  months? 


No.  2  How  many  pints  are  there  in  7  quarts? 


No.  3  How  many  inches  are  there  in  1/3  of  a  yard? 


No.  4  In  four  days  a  carpenter  worked  10  hours9  7  h©urs9 
8  hours  and  9  hours.  How  much  did  he  earn  at  45 
cents  an  hour? 


No.  5  A  farmer  raised  26  bushels  of  wheat  per  acre  on  49 
acres.  How  much  is  it  worth  at  $1.12  per  bushel? 


No.  6  A  man  buys  ice  cream  at  $1.20  a  gallon.  From  each 
quart  he  serves  five  dishes  at  10  cents  a  dish. 
What  is  his  profit  on  1  gallon  of  ice  cream? 


No.  7  A  boy  can  run  100  yards  in  12  seconds.  How  far 
would  he  run  in  an  hour  if  he  could  keep  running 
this  fast? 


No.  8  How  many  square  yards  of  pavement  are  there  in  a 
street  -£mile  long  and  66  feet  wide? 


. 
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No.  9  If  12-f-  tons  of  coal  cost  $84.00,  how  much  coal  could 
I  huy  for  $16.00? 


No.  10  A  man’s  income  is  $2520  per  year.  He  pays  an  income 
tax  of  4-g-  per  cent  on  the  part  ofhis  income  that  is 
over  $2000.  Find  the  amount  of  his  income  tax. 


On  the  question  sheets  submitted  to  the  pupils 
sufficient  space  was  left  after  each  question  for  a  writ¬ 
ten  solution. 
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TEST  B 

SCHOOL 

NAME 

GRADE 

SEX 

AGE:  YEARS 

MONTHS 

Test  0T  3456 

1*  A  man  "bought  225  sheep  at  $9  each.  He  sold  90  of  them 
at  $12  each.  If  you  subtract  90  from  225  you  get  135. 
What  does  this  135  tell  you? 


for  3  days  equals  $15  for. 


.day  a , 


3.  You  know  the  cost  of  a  box  of  oranges.  You  know  how 
many  oranges  there  are  in  the  box.  How  can  you  find 
the  cost  of  an  orange? 


4.  If  there  are  2  lento  in  1  mal9  how  many  mal  are  equal 
to  5  lento? 


5.  If  you  know  how  much  a  man  earns  in  seven  days9  how  can 
you  find  how  much  he  earns  in  one  day? 


6.  Mary  is  reading  a  book  that  has  100  pages.  She  has 

read  60  pages.  This  line  shows  how 

many  pages  are  in  the  book.  Draw  a  line  to  show  how 
many  pages  she  has  to  read  yet. 


7.  Write  a  problem  with  two  numbers  in  it  that  should  be 
multiplied  to  give  the  answer. 
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3.  Work  of  10  men  in  4  days  equals  work  of _ jmen 

in  2  days. 


9.  You  are  given  these  three  factsj 

Fact  1:  There  are  6  books  on  the  table. 

Fact  2:  Each  book  has  45  pages. 

Fact  3:  There  are  150  words  on  each  page. 

To  find  how  many  words  there  are  in  a  book*  you  would 
use  facts  2  and  3® 

Which  facts  would  you  use  to  find  how  many  pages  there 
are  in  the  6  books? 


10.  In  the  next  question  another  bit  of  information  is  need¬ 
ed  before  you  can  answer  the  question  asked.  On  the 
dotted  lines  tell  what  else  you  must  know  before  you  can 
answer  the  question. 

Question  Things  You  Must  Know 

What  is  the  value  of  the  4  a )  The  price  of  the  wheat 

total  wheat  crop?  per  bushel. 

(Tb)  The  number  of  acres  of 

wheat. 

(c)  . . -  . 
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CHAPTER  III 


SUMMARY  OF  DATA 
Results  Obtained 

As  has  been  stated  previously,  the  problems  in  each  of 
the  two  tests  given  were  graded  in  order  of  increasing  dif¬ 
ficulty.  Owing  to  the  fact  that  some  of  the  more  difficult 
problems  in  Test  A  required  certain  mechanical  knowledge  for 
their  successful  completion,  these  really  lay  beyond  the 
range  of  the  average  Grade  V.  pupil.  While  this  fact  re« 
duced  the  possible  number  of  successful  answers  for  the 
average  student,  it  does  not  invalidate  the  comparisons  to 
be  made  later. 

Test  B,  on  the  other  hand,  was  composed  entirely 
of  problems  well  within  the  mental  reach  of  a  considerable 
number  of  Grade  V.  Pupils,  as  is  evidenced  by  the  results 
shown  below. 

TAB  IE  II 

SUMMARY  OF  RESULTS  OBTAINED  ON  TESTS 


Test  A 


ProftA  l  £  3  . -.4 _ 5 _ -C__ 2 _ _ 2 _ 1C. 


Boys 

206 

196 

130 

132 

73 

93 

26 

1 

0 

0 

Girls 

214 

192 

129 

144 

61 

80 

15 

1 

0 

0 

Total 

420 

388 

259 

276 

134 

173 

41 

2 

0 

0 

Test 

B 

Prob. 

1 

3 

4 

5 

6 

7 

8 

9 

10 

Boys 

141 

119 

41 

126 

83 

58 

73 

62 

41 

48 

Girls 

134 

140 

32 

96 

64 

86 

98 

44 

48 

35 

Total 

275 

259 

73 

222 

147 

144 

171 

106 

89 

83 
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Classification  of  Pupils  toy  Age  and  I.  Q. 

A  summary  toased  on  chronological  age  and  I.  Q.  is 
shown  in  Tatole  III. 

TABLE  III 

CLASSIFICATION  OF  PUPILS  BY  SEX,  AGE  AND  I.  Q. 


I.  Q. 

9 

10 

11 

12 

BOYS 

Age 

13 

14 

15 

Total 

-94 

0 

1 

13 

27 

17 

9 

1 

68 

95-105 

0 

15 

46 

13 

2 

0 

0 

76 

106- 

3 

34 

25 

J5 

_1 

JD 

Jl 

66 

Total 

3 

50 

84 

43 

20 

9 

1 

210 

I.  Q.  _ 

9 

10 

11 

I 

X2 

GIRLS 

Age 

13 

14 

-94 

0 

1 

14 

28 

7 

0 

3 

53 

95-105 

0 

24 

33 

8 

2 

0 

0 

67 

106- 

10 

54 

30 

2 

JL 

0 

o 

97 

Total 

10 

79 

77 

38 

10 

0 

3 

217 

Throughout  this  thesis,  for  purposes  of  convenience, 
mental  age  has  been  transferred  into  intelligence  quotient 
(I.  Q. ),  toy  dividing  the  mental  age  toy  the  chronological  age, 
each  toeing  computed  in  years  and  months.  This  was  found  to 
toe  quite, a  satisfactory  procedure,  without  altering  final  con¬ 
clusions.  The  preceding  tatole  gives  the  classification  of 
each  sex  toy  age  (taken  to  the  nearest  birthday)  and  I.  Q. 

The  group  95  to  105  was  chosen  as  representative  of  the  truly 


'  • 


t  . 


•  • 
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normal  student  and  was  found  to  contain  approximately  one- 
third  of  the  total  number  of  students. 

The  ranges  indicated  in  Table  III.  verify  our  pre¬ 
vious  statement  that  these  are  average  Grade  V.  classes 
with  the  majority  of  pupils  centering  around  11  years  of 
age,  as  it  should  be  in  the  Alberta  system.  This  is  due 
to  the  fact  that  the  normal  age  of  entrance  into  Grade  I. 
is  6{  years,  making  10-g-  years  the  theoretical  entrance  age 
into  Grade  V.  This  age  is  slightly  raised  as  a  result  of 
retardations  in  the  lower  grades,  bringing  the  normal  age 
to  11  years.  The  older  pupils  of  both  sexes  are  of  lower 
I.  Q. »  while  those  with  the  higher  I9  Q.  are  the  younger 
set.  A  comparison  of  the  table  shows  a  larger  percentage 
of  young  girls  than  young  boys,  and  a  correspondingly 
greater  percentage  of  older  boys  than  older  girls. 

TABLE  IV 

AVERAGE  SCORE  BASED  ON  AGE 


Test 

10  . 

11 

12  . 

13 

Boys 

A 

4.16 

4.20 

3.60 

3.82 

B 

4.06 

3.70 

3.80 

2.76 

Girls 

A 

3.68 

3.88 

3.42 

4.00 

B 

3.44 

3.69 

3.20 

3.30 

The  above  figures  reveal  a  number  of  interesting 
facts.  It  will  be  noted  that  the  age  of  12  years 


»  I  V 
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shows  a  decided  drop  in  ability  in  both  types  of  ques¬ 
tions,  with  a  slight  exception  in  the  boys’  Test  B  results 
Secondly,  while  the  average  number  of  correct  sol¬ 
utions  in  each  type  of  test  for  both  sexes  is  about  the 
same  at  age  10,  as  age  advances  the  ability  to  correctly 
solve  the  B  type  problem  falls  far  below  the  type  A  solv¬ 
ing  ability.  This  difference  is  still  greater  than  the 
figures  indicate  when  one  remembers  that  all  the  former 
problems  were  of  a  grade  within  the  reach  of  the  tested 
pupils,  whereas  three  of  the  problems  of  Test  A  were 
mechanically  beyond  their  range  of  ability.  This  seems 
to  be  a  significant  feature.  Thirdly,  it  is  to  be  observ¬ 
ed  that  the  younger  boys  obtain  a  considerably  higher 
score  in  both  types  of  questions  than  the  younger  girls, 
but  the  superiority  is  lost  with  increase  in  age,  since 
the  girls  of  15  years  of  age  excel  by  a  significant  figure 


, 
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. 
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CHAPTER  IV 


ANALYSIS  OF  DATA 

Variables - The  direct  variables  involved  in  this 

investigation  are  sex,  age,  1.  Q. ,  Test  a  score  ana  Test  L 
score,  in  addition  to  these,  it  should  be  remembered  in  an  at¬ 
tempt  to  interpret  the  results  obtained,  that  a  number  of  in¬ 
direct  factors  undoubtedly  enter.  These  are  the  various  factors 
which  might  be  grouped  in  the  term  environmental  influence  and 
experience.  These  indirect  variables  are,  unfortunately,  un¬ 
controllable  in  a  work  of  this  nature,  and  would  in  all  pro¬ 
bability  be  responsible  for  some  of  the  irregularities  which 
are  found  in  parts  of  our  analysis.  For  example,  we  find  in 
Grade  V.  a  girl  of  13  years  of  age  with  an  I.  Q.  of  125.  This 
is  not  a  normal  case,  but  it  has  been  impossible  to  deal  with 
such  cases  individually,  partly  owing  to  the  large  amount  of 
assistance  which  would  be  required  from  teachers  or  principals, 
seme  of  whom  might  feel  that  an  unnecessary  burden  was  being 
placed  upon  them  in  obtaining  all  the  desired  information.  On 
the  other  hand,  Tests  A  and  B  deal  solely  with  Arithmetic,  and 
only  experience  in  this  field  will  have  a  direct  influence  upon 
the  results  recorded.  This  experience,  it  is  safe  to  say,  is 
gathered  to  a  very  large  degree  in  the  school  room  and  hence 
tends  to  offset  outside  influences.  At  these  immature  ages, 
the  pupils  have  not  sensed  many  of  even  the  simpler  mathemat¬ 
ical  problems  of  life.  This  is  probably  more  true  of  the  girls. 
But  where  such  outside  experience  does  influence  the  results 
obtained  it  should  be  recognized  in  our  classrooms. 
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TABLE  V 

SUMMARY  OR  AVERAGE  SCORES  OBTAINED  ON  TESTS  A  AND  B 
CLASSIFIED  ACCORDING  TO  SEX,  AGE  AND  I.  Q. 


I.  Q.  Under  95  95  -  105  Above  105 


Age 

A 

B 

A 

B 

A 

B 

9 

3.33 

4.00 

(3) 

3.50 

3.10 

(10) 

10 

3.87 

3.47 

(15) 

A^Al 

4.44 

(M) 

3.17 

2.83 

(24) 

3„  98 

3.78 

(54) 

11 

3.08 

2.46 

(13) 

3.98 

3.57 

(46) 

5.04 

4.60 

(25) 

3.43 

3.21 

(14) 

3.76 

3.48 

(33) 

4.20 

4.13 

(30) 

12 

3.52 

3.26 

(27) 

3.85 

5.00 

(13) 

3.67 

3.33 

(3) 

3.36 

2.75 

(28) 

3.63 

4.75 

(8) 

3.50 

3.00 

(2) 

13 

3.82 

2.76 

(17) 

4.50 

5.50 

(2) 

—  «  «=  o=, 

(°) 

4.14 

3.57 

(7) 

3.50 

2.50 

(2) 

7 

10 

(1) 

14 

4.44 

3.89 

8} 

---- 

---- 

(0) 

The  underlined  items  in  Table  V.  are  read  as  fol¬ 
lows:  4.41  is  the  average  score  on  Test  A  for  boys  10  years 

of  age  with  an  I.  Q,.  of  more  than  105.  4.44  is  the  average 

score  on  Test  B.  for  the  same  group.  There  were  34  boys  in 
the  group.  3. 98  is  the  average  Test  A  score  for  the  paral¬ 
lel  group  of  girls. 
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Influence  of  Age  and  I.  Q„  on  Problem  Solving  Ability. - 
Table  V,  presents  a  summary  of  scores,  grouped  according  to 
age  and  I.  Q.  A  study  of  the  figures  brings  to  light  the  fol¬ 
lowing  information: 

(1)  Test  A  solving  ability  increases  as  age  increases  for 
both  boys  and  girls* 

(2)  Test  B  solving  ability  increases  as  age  increases  in 
both  boys  and  girls. 

(5)  For  any  age,  the  ability  to  solve  either  type  of  pro¬ 
blem  increases  rapidly  as  the  I0  of  the  pupil  in¬ 
creases. 

(4)  I.  Q.  is  a  more  influential  factor  than  chronological 
age  in  determining  ability. 

(5)  A  marked  increase  of  ability  is  apparent  at  the  fol¬ 
lowing  points: - 

(a)  Less  than  95  I.  at  14  years  of  age. 

(b)  95  to  105  I.  Q.  at  12  years  of  age. 

(c)  Higher  than  105  I.  Q.  at  10  years  of  age. 

IX 

The  average  mental  age  of  each  of  the  groups  referred 


to  in 

(5)  above  was 

computed  and 

found  to  be  as 

follows: 

I.  Q,. 

C.  A, 

Ave .  M. 

A. 

Boys 

Below  95 
95  -  105 
Above  105 

14  yrs. 
32  yrs® 
10  yrs. 

10  yrs.  7 

11  "  9 

11  "  8 

mos. 

11 

11 

Girls 

Below  95 
95  -  105 
Above  105 

12  yrs. 
3.0  yrs. 

11  yrs.  9 
11  ••  9 

mos. 

11 

♦  » 


-20- 


Unfortunately,  the  nuinher  of  girls  of  14  years  of  age 
of  low  I*  Q.  was  insufficient  for  purposes  of  comparison. 

With  the  exception  of  the  oldest  group  of  boys,  whose 
previous  attempts  were  doubtless  a  contributing  factor,  all 
other  groups  had  an  average  mental  age  of  close  to  twelve  years* 
Here  we  have  a  point  at  which  mental  development  has  reached 
a  stage  of  actual  understanding.  In  other  words,  before  a 
pupil  has  reached  the  mental  age  of  11  years  8  months,  pro¬ 
blem  solving  ability  is  rather  an  ability  to  arrive  at  the 
correct  answers  by  mechanically  (not  under standingly )  follow¬ 
ing  the  various  steps  taught  by  the  teacher.  One  of  the  most 
difficult  tasks  confronting  the  Grade  V.  teacher  of  Arithmetic 
is  teaching  the  pupils  of  an  average  class  ho?/  correctly  to 
solve  problems.  When  one  has  had  experience  with  students  of 
higher  grades,  this  difficulty  of  the  Grade  V.  teacher  can  be 
appreciated.  This  information  obtained  above,  appears  of  par¬ 
ticular  significance  and  will  be  referred  to  later. 

A  more  detailed  analysis  of  scores  on  be,sis  of  sex, 
age,  and  I*  Q,.  is  given  in  Tables  ¥1.  and  VII. 


, 
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TABLE  VI1 

DISTRIBUTION  OP  BOYS*  A  AND  B  SCORES  ACCORDING  TO 

AGE  AM)  I.  Q. 


I.  Q.. 

9 

10 

Age  in 
11 

years. 

12 

13 

14 

-  89 

2.4 

2.6 

3.5 

3.1 

3.9 

2.9 

4.4  3.9 

90  -  96 

5.0 

3.0 

3.8 

2.9 

3.6 

4.0 

4.7 

5.0 

97  -103 

4.1 

3.1 

3.9 

3.6 

3.9 

4.8 

104-110 

4.3 

4.5 

4.9 

3.8 

3.7 

4.7 

3.0 

4.0(1) 

111-117 

2.0 

3.0 

4.3 

4.5 

5.0 

5.4 

r  a 

118- 

6.0 (1)6.0 

4.7 

4.7 

5.1 

5.1 

16  yr. 

(69)7.0  5.0 


DISTRIBUTION 

TABLE  VII 

OP  GIRLS*  A  AND  B 

AGE  AND  I.  Q. 

SCORES  ACCORDING  TO 

I.  Q. 

Age  in 

years 

-  89 

3.3 

3.3 

3.2 

2.8 

4.8 

4.3  4.3  2.3 

90  -  96 

4.0 

2.5  3.5 

2.9 

3.6 

3.0 

5.0 

4.3 

97  -103 

3.2 

3.1  3.7 

3.9 

3.5 

5.0 

3.5 

2.5 

104-110 

3.3 

3.2  3.9 

2.6 

3.8 

4.0 

111-117 

2.8 

3.2 

4.1 

3.6  4.6 

4.7 

7.0 

10.0(1) 

118- 

4.2 

3.0 

4.  5 

4.5  4.4 

5.9 

1 


For  interpretation  of  Tables  VI*  and  VII*  see  Foot- 
note  under  Table  V, 


«  » 


♦  I 


-22- 


Table  VIII.  gives  a  comparison  of  the  average  of  all 
A  and  B  scores  for  each  sex  on  the  basis  of  I.  Q.  rating 
regardless  of  age.  These  results  are  represented  graphically 
in  Figure  I. 

The  following  may  be  read  from  the  graph: - 

(1)  Generally  speaking,  the  boys  have  slightly  higher  scores 
than  the  girls,  in  both  types  of  problems. 

(2)  A  marked  increase  of  problem  solving  ability  with  in- 
crease  in  I.  Q.  is  evident  for  both  sexes. 

(3)  Test  B  solving  ability  is  superior  to  Test  A  solving 
ability  in  case  of  the  higher  I.  Q0"s  but  not  in  case 
of  the  lower  I.  Q.'e. 

TABLE  VIII 


AVERAGE  A  AHD  B 

SCORES  FOR 

EACH  SEX 

BY  I.  Q. 

I®  Q. 

-89 

90-96 

96-103 

104-110 

111-117 

118- 

Boys 

Girls 

3.6  3.0 

3.7  3.4 

3.9  3.5 

3.6  3.0 

3.8  3.6 

3.4  3.7 

4.3  4.1 

3.7  3.3 

4.1  4.6 

4,0  3.9 

4.7  4.8 

4.1  4.3 

Figure  2  presents  graphically  the  comparison  of  Test  A 
scores  of  boys  and  girls,  of  different  I.  Q. *  s  but  of  constant 
age  of  11  years;  while  Figure  3  presents  a  corresponding  Test 
B  score  curve.  Figures  4  and  5  show  Test  A  scores  against  X. 
Q.  for  constant  ages;  while  figures  6  and  7  are  corresponding 
Test  B  score  curves.  The  numbers  of  pupils  for  both  extremes 
of  ages  and  extremes  of  I.  Q.  *  s  were  relatively  small.  This 
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i 


i 
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fact  may  help  to  account  for  the  irregularities  at  these 
points.  Despite  the  apparent  fluctuations,  certain  tendencies 
are  apparent :- 

(1)  Increase  in  score  accompanies  increase  in  I.  Q.  for  the 
same  age . 

(2)  For  a  given  I.  Q. ,  older  pupils  obtain  higher  scores 
than  younger  pupils, 

(3)  Boys'  scores  are  relatively  higher  than  girls*  scores. 
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A  SP£X-^.S  Gr c> UP ed  by  Pair R.,.st.ii^nto  vary  wide¬ 
ly  in  their  ability  to  solve  problems  of  the  usual  type.  Does 
this  variation  hold  true  relatively  in  the  case  of  problems 
of  the  second  type?  In  order  to  test  this  point,  the  students 
are  giouped  by  sexes,  into  three  divisions  according  to  their 
ability  on  Test  A,  as  follows: 

(1)  Weak,  1  or  2  correct  A  scores; 

(2)  Medium,  3  or  4  correct; 

(3)  Strong,  5  or  6  correct. 

Group  1,  consisting  of  those  pupils  with  A  scores  of 
1  or  2,  is  first  subdivided  into  groups  of  different  ages. 

The  average  scores  of  both  A  and  B  are  now  obtained  for  each 
sub-group.  Groups  2  and  3  are  similarly  treated.  Table  IX. 
gives  the  summary  of  these  averages,  which  are  represented 
graphically  in  Figure  8. 

The  groups  are  next  subdivided  on  the  basis  of  I.  Q. , 
irrespective  of  age,  and  the  scores  are  summarized  in  Table  X. 

TABLE  IX 

COMPARISON  OF  B  SCORES  WITH  A  GROUP- SCORES 
ON  THE  BASIS  OF  AGE 


Gtoiiel 

1  &  2 
3  &  4 
5  &  6 


Boys 

Age 

B  i1  fi 

2.0  3.0  2.0  2.8  1.9  2.8 

3.4  3.1  3.5  3.5 

6.0  6.0  5.4  5.3  5.3  4.2 


12  - _ 13  14 

A  B  A  Tb  a  B 

1.9  2.3  1.8  .8 

3.6  3.8  3,4  3.0  3.5  4.0 

5.5  5.5  5.5  4.8  5.5  3.5 


.  . 


, 
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TABlE  IX3-  (  continued) 


Girls 

A^jje 

Group  9 _ 10 _ 11 _ 12 _ 13 _ 14 

A  B  A _ B  A _ B  A _ B  A  B 


1  &  2 
3  &  4 
5  &  6 


1.5 

2.0 

1.7 

2.0 

1.7  2.9 

1.8 

1.7 

2.0 

0.  (1) 

3.6 

3.3 

3.5 

3.2 

3.5  3.4 

3.5 

3.5 

4.0 

4.5 

5.0 

3.0(2) 

5.3 

5.3 

5.1  4,5 

5.4 

4.2 

5.2 

4.3 

TABLE  X2 

COMPARISON  OP  B  SCORES  WITH  A  GROUP-SCORES 
ON  THE  BASIS  OP  I.  Q. 


Group 

■89 

90- 

■  96 

97- 

■103 

104- 

■  110 

111- 

■117 

118- 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

1  & 

2 

1.8 

1.5 

2.0 

2.8 

2.0 

2.8 

2.0 

4.0(2) 

2.0 

2.8 

3  & 

4 

3.5 

3.2 

3.5 

3.3 

3.5 

3.5 

3.5 

3.5 

3.8 

4.1 

3.7 

4.0 

5  & 

6 

5.5 

4.2 

5.4 

4.3 

5.4 

4.4 

5.5 

4.7 

5.1 

5.6 

5.5 

5.5 

Girls 

1  & 

2 

1.7 

2.2 

2.0 

1.6 

1.6 

1.9 

1.8 

2.4 

1.7 

2.3 

1.7 

3.0 

3  & 

4 

3.5 

3.2 

3.5 

2.9 

3.4 

4.0 

3.6 

3.0 

3.6 

3.5 

3.6 

4.0 

5  & 

6 

5.6 

3.4 

5.2 

4.2 

5.1 

4.5 

5.1 

4.5 

5.5 

5.2 

5.4 

5.3 

3  The  underlined  items  "3.6"  and  ”3.8"  in  Table  IX. 
are  interpreted  thus:  The  average  Test  A  score  for  all  12 
year  old  boys  who  correctly  solved  either  3  or  4  Test  A  prob 
lems  was  3.6.  The  average  Test  B  score  for  the  same  group 
was  3.8.p 

In  Table  X,  the  underlined  items  "5.6"  and  "3.4" 
are  interpreted  thus:  The  average  Test  A  score  for  all  the 
girls  of  less  than  90  I.  Q. ,  who  correctly  solved  either  5 
or  6  Test  A  problems  was  5.6.  This  same  group  of  girls 
solved  correctly  an  average  of  only  3.4  problems  on  Test  B, 
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The  numbers  of  boys  and  girls  represented,  in  each 
group-score  are  given  in  Tables  XI.  and  XII. t  respectively. 

1 

TABLE  XI 

DISTRIBUTION  OF  BOYS'  GROUP-SCORES  ON  TEST  A 
BY  AGE  AND  I.  Q. 


I.  Q. 

9 

Age 

u 

IS 

13 

14 

a  b 

c  a 

b 

c 

a  b 

c 

a 

b 

c 

fa. 

b 

9 

a  b  c 

-  89 

3  2 

5 

7 

4 

4 

8 

4 

4  4 

90  -  96 

1 

1  11 

4 

3 

9 

2 

1 

2 

97  -103 

2 

7 

5 

4  21 

7 

2 

3 

4 

104-110 

1 

9 

4 

4 

10 

1 

1 

1 

1 

111-117 

2 

1 

6 

6 

2 

4 

1 

118- 

1 

4 

4 

3 

3 

DISTRIBUTION 

TABLE  XII 

OF  GIRLS'  GROUP- SCORES  ON 

BY  AGE  AND  I,  Q. 

TEST  A 

I.  Q. 

Age 

9 

10 

11 

12 

13 

14 

a  b 

c 

ft 

b 

cab 

c 

b 

c  a 

.  b.  c 

a  b  c 

-  89 

1 

1 

1 

6 

8 

3 

2  2 

90  -  96 

1 

2 

3  13 

2 

3 

6 

4 

3 

79  -103 

4 

6 

2  4  11 

6 

4 

1 

1 

104-110 

7 

18 

4  1  12 

4 

3 

111-117 

2  3 

14 

4  14 

5 

118- 

3 

2 

2 

5 

7  13 

1 

15  re. 

1  (&) 

Ifhe  underlined  figures  in  Table  XI.  are  read  as  follows 


"5"  -  5  boys,  12  years  of  age,  and  with  an  I.  Q.  under  90 ,  ob¬ 
tained  scores  of  either  0,  1,  or  2  on  Test  A. 

"3"  -  3  boys,  12  years  of  age,  and  with  an  I.  Q.  between  90  and 

96  obtained  scores  of  either  0,  1  or  2  on  Test  A. 

11711  _  7  b0yS  0f  age  12,  with  I.  Q.  less  than  90,  obtained  scores 
of  either  3  or  4  on  Test  A. 
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The  results  given  in  Tables  IX.  and  X.  are  shown 
graphically  in  Figures  9  and  10. 

Interpretation  of  Figures  9  and  10. — The  curves  re¬ 
presenting  Test  A  scores  are  approximately  horizontal  since 
they  represent  scores  lying  within  two  narrow  limits.  The  B 
score  curves  show  wide  variations  of  ability.  Examining  first 
of  all  Figure  9,  (Test  A  scores,  ”1  and  2”),  we  find  the  pupils 
of  low  mental  ability  receive  approximately  the  same  score  on 
each  of  tests  A  and  B;  while  the  brighter  students  show  marked 
increase  of  ability  in  dealing  with  Test  B  questions.  In  Fig¬ 
ure  10,  representing  those  pupils  who  obtained  scores  of  3  or 
4  correct  on  Test  A.,  the  weaker  pupils  once  again  show  a 
lesser  degree  of  ability  in  dealing  with  the  Test  B  type,  while 
here  the  brighter  ones  again  excel. 

In  the  "  5  and  6M  group  a  marked  decline  in  Test  A 
solving  ability  is  evident  among  the  duller  pupils,  while  the 
brighter  ones  exhibit  equal  ability  in  the  two  tests.  These 
conclusions  hold  for  each  sex,  with  the  boye  rating  somewhat 
higher  in  the  majority  of  cases.  When  grouped  on  this  basis, 
age  does  not  appear  to  be  such  an  influential  factor  as  X.  Q, 
(See  Fig.  8) 

Table  XI.  shows  the  distribution  by  age  and  I.  q.  of 
the  boys*  Test  A  group-scores  (grouped  as  above),  while  Table 
XII,  gives  the  girls*  group-score  distribution.  These  tables 
make  it  clear,  as  would  be  suspected,  that  the  older  pupils 
show  far  less  ability  than  their  younger  classmates,  being  of 
a  lower  I.  Q. 
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Pis.tfi^utigg  .Qf  group-scores  on  basis  qX  age  and  I.  Q.- 
In  Table  XIII.  the  “3  and.  4"  Test  A  scores  are  shown  paired 
with  the  corresponding  average  of  B  scores.  Boys*  scores  are 
recorded  above  girls*  scores  in  every  case.  Table  XIV.  gives 
a  similar  distribution  with  the  "5  and  6”  A  scores.  The  ”1 
and  2"  group  scores  have  been  omitted  owing  to  the  fragmentary 
nature  of  the  distribution,  and  the  consequent  unreliability 
of  results. 


TABLE  XIII 

DISTRIBUTION  OF  !,3  AND  4'*  GROUP-  SCORES 


ON 

BASIS  OF 

AGE 

AND  I 

q. 

I.  Q. 

Age 

t 

9 

10 

11 

12 

13  14 

A  B 

A 

B 

A 

B 

A 

B  A  B  A  B 

-  89 

3.5 

3.0 

3,6 

3,1  3.5  3.0  3.5  4.0 

3.0 

3.0 

3.5 

3.1 

90  -  96 

3.4 

3.0 

3.4 

3.4 

3,5 

2.0 

3.5 

3.2 

3.3 

2.7 

97  =103 

3,6 

2.4 

3.4 

3.4 

3.4 

5.7 

3.3 

3.2 

3.5 

4.2 

3.5 

5.0 

104=110 

3,6 

3.6 

3.5 

2.8 

3.5 

3.3 

3.7 

2.2 

3.7 

4.0 

111-117 

3.8 

3.8 

4.0 

6.5 

3.7  4.0 

3.6 

3.2 

3.8 

4.5 

118- 

3.8 

4.0 

4.0 

4.5 

3.7 

3.3 

3.3 

5.3 
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TABLE  XIV 

DISTRIBUTION  OF  "5  AND  6"  GROUP-SCORES 


ON 

BASIS  OF 

AGE 

AND 

I.  Q« 

I.  Q. 

10 

11 

13  14 

A 

B 

A 

B 

A 

B 

XT 

B  A  B 

-  89 

5.5 

4.8 

5.8 

4.5  5.5  3.5 

5.0 

4.0 

5.7 

3.3 

5.5 

4.0 

90  -  96 

5.0 

3.0 

5.5 

2.5 

5.5 

7.0 

5.5 

6.0 

5.5 

3.0 

5.2 

4.8 

5.0 

4.3 

97  -103 

5.6 

4.4 

5,7 

4.3 

5.3 

5.0 

5.0 

6.0 

5.2 

4.0 

5.0 

5.0 

104-110 

5.8 

6.0 

5.4 

4.4 

6.0 

6.0 

5.0 

4.5 

5.3 

4.5 

111-117 

5.2 

5.7 

5,4 

5,0 

5.3 

5.3 

5.8 

5.2 

118- 

5.7 

5.8 

6.0 

5.5 

5.6 

5.6 

5.0 

8.0(1) 

It  must  be  borne  in  mind  that  the  extremities  represent 
in  many  cases  the  averages  of  a  small  number  of  scores,  or  even 
individual  scores,.  An  examination  of  the  figures  in  the  above 
(or  preceding)  tables  then  reveals  the  following  facts: 

(1)  The  higher  the  I»  Q.  for  any  age,  the  higher  is  the  B 
score. 

(2)  To  a  less  marked  degree,  increase  In  age  results  In  in¬ 
crease  in  B  score. 

(3)  The  boys’  B  scores  exceed  the  girls'  B  scores  in  16  cases 
out  of  the  25  in  which  both  scores  occur.  This  tendency 
was  more  marked  in  the  case  of  the  "1  and  2"A  score  com- 
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parison  referred  to  above.  In  this  case,  the  boys*  scores 
excelled  in  5  cases  out  of  6. 

.Deviations  and  Correlations. — The  standard  deviations, 
calculated  on  the  basis  of  sex  and  age,  gave  the  results  shown 
in  Table  XV. 

TABLE  XV 

DEVIATIONS  AND  CORRELATIONS  OE  SCORES 
BY  SEX  AND  AGE 


Sex 

Age 

No. 

<Ta 

CTb 

rAB 

10 

85 

1.25  ±  s  06 

1.98  dr.  10 

.54  ±.05 

Boys 

11 

49 

1. 37  ± . 09 

1.98  ±.13 

.39  ±.08 

12 

43 

1.95  ±.14 

2.32  ±.17 

.78  ±.04 

10 

78 

1. 38  ± . 07 

1.82 ±.09 

*50  ±06 

Girls 

11 

77 

1.38  ± .07 

2.02  ±.10 

.36  ±.07 

12 

38 

1.27 ± .09 

1.80  ±.  14 

.51  ±.08 

The 

deviations  for  the  B 

scores  are  seen  to  be  greater 

than  for  the 

A  scores.  This  is. 

doubtless,  a  result  of  the 

fs.mil  iarity 

of  the 

pupils  for  the  A  type,  while 

the  B  type  pro- 

blem  was  something 

out  of  the  routine  of  daily 

drill. 

The 

following  extract  from  the  table,  showing  the  cor- 

relation  between  the  A  and  B  scores,  is  interesting: 

Age 

10 

11  12 

Boys  .54  .59  .78 

Girls  .50  .36  .51 

The  eleven  year  old  pupils  of  both  sexes  show  a  low 


correlation,  although  the  number  of  pupils  is  satisfactory. 
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The  correlations  of  these  sane  pupils  is  found  to  be  consistent¬ 
ly  low  for  different  I.  Q. 's,  while  the  10  year  old  students 
remain  around  .5.  The  13  year  old  students  of  both  sexes  have 
high  correlations.  The  highest  correlations  are  found  in  the 
scores  of  the  older  pupils,  doubtless  due  to  the  fact  that  the 
number  of  correct  solutions  is  considerably  smaller  with  this 
group. 

This  marked  low  correlation  with  the  students  of  normal 
Grade  V.  age,  may  be  one  of  those  irregularities  often  encount¬ 
ered  in  the  examination  of  data.  It  may  be  due  to  an  unfortun¬ 
ate  sampling  of  11  year  old  pupils,  but  this  seems  hardly  pro¬ 
bable,  particularly  as  this  is  evident  with  the  scores  of  both 
sexes.  The  writer  has  found  it  difficult  to  explain  this  seem¬ 
ing  discrepancy,  but  suggests  the  following  as  a  plausible  ex¬ 
planation.  The  younger  students,  as  a  group,  are  of  a  higher 
order  of  mental  ability  than  the  remainder,  and  they  profit 
by  this,  with  relatively  high  scores  In  both  tests*  The  older 
pupils,  generally  retarded,  fail  to  obtain  a  high  average  score 
in  either  test,  and  are  therefore  found  to  be  successful  in  a 
few  of  the  easier  problems  of  each  test*  The  students  of 
normal  age  make  medium  scores  in  both,  but  the  B  scores  are 
more  widely  distributed  over  the  10  problems  in  this  group  of 
students,  thereby  lowering  the  correlation* 


CHAPTER  V 


CONCLUSIONS 

Having  summarized  the  data  in  the  previous  chapter,  we 
are  now  m  a  position  to  interpret  these  figures  collectively 
and  to  determine  the  relation,  if  any,  existing  between  prob¬ 
lem  solving  ability  and  each  of  the  variables  under  consider¬ 
ation. 

Relation  between  Problem  Solving  Ability  and  Sex 
A  study  of  Table  II.  reveals  that  the  total  numbers  of 
correct  solutions  obtained  on  the  two  tests  is  as  follows; 

Test  A  Test  B 

Boys  857  692 

Girls  836  677 

It  appears  from  this  that  the  boys  have  been  more  suc¬ 
cessful  than  the  girls.  Two  facts,  must,  however,  be  kept  in 
mind;  (l)  The  number  of  girls  exceeds  the  number  of  boys;  (2) 
the  average  age  of  the  girls  is  approximately  .41  years  less 
than  that  of  the  boys.  It  is  necessary,  therefore,  to  select 
representative  groups  for  purposes  of  comparison. 

In  Table  IV.  we  have  seen  that  the  boys  obtained  a 
higher  average  score  than  the  girls  in  both  tests,  at  ages  10, 

11  and  12.  The  13  year  old  boys  are  less  successful  than  the 
girls  of  the  same  age.  This  evidence  is  further  borne  out  in 
Table  V.  where  the  boys  of  a  given  age  and  I.  have  been 

more  successful  in  Test  A.  in  8  cases  out  of  11  where  compar¬ 
isons  are  possible,  and  in  Test  B  in  9  of  the  11  cases  compared. 
Of  the  total  5  cases  in  which  the  girls’  scores  are  the  higher, 

4  occur  in  the  lowest  I.  Q,.  group.  This  substantiates  the 
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conclusion  arrived  at  in  Table  IV. ,  where  the  oldest  girls 
(i.e.  those  of  lowest  I.  Q.  )  obtained  higher  scores  than  the 
boys.  The  slightly  greater  success  of  the  boys  is  still  fur¬ 
ther  shown  in  Table  VIII.,  where  on  the  basis  of  I.  Q.  alone, 
their  scores  are  exceeded  by  those  of  the  girls  in  only  3 
cases  out  of  12. 

In  Figure  I,  which  represents  graphically  a  compar¬ 
ison  of  boys’  and  girls’  scores,  the  superior  ability  of  the 
boys  is  verified  in  each  test. 

Since  the  11  year  group  contains  the  largest  number 
of  pupils,  and  as  these  are,  generally  speaking,  the  pupils 
of  average  ability,  a  comparison  of  the  two  sexes  at  this  age 
should  be  of  considerable  value.  Figures  2  and  3,  obtained 
from  data  in  Tables  VI,  and  VII.,  compare  the  scores  of  the 
successive  mental  levels  at  11  years  of  age.  The  findings 
referred  to  earlier  are  once  more  confirmed. 

The  10  year  old  group  and  the  12  year  old,  which 
are  the  next  largest  groups,  show  the  boys  again  to  be  in  the 
lead,  whereas  the  13  year  old  girls  excel.  (See  Figures  4  to  7 ) 
These  conclusions  are  applicable  to  both  sets  of  scores. 

The  following  summary,  obtained  from  the  figures  of 
Tables  XIII.  and  XIV.,  show  the  number  of  times  the  boys’ 
average  score  exceeded  that  of  the  girls’,  and  vice  versa. 
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A  group  score.  1 

Test  A. 

Boys  4 

Girls  0 

Even  2_ 

6 


.2  -  3  -  4  5-6 

B  A _ £  A _ I 

5  91  8  9  8 

1  4  42  3  5 

0  _1 _ 2_  1  0 

6  14  14  13  13 


Here  again  we  have  evidence  of  superior  ability  on 
the  part  of  the  boys  in  the  solving  of  both  types  of  problems* 
Further  evidence  is  produced  in  Tables  XI.  and  XII. 


The  approximate  percentages 

of 

boys  and 

girls  in  the  three 

groups  are  as  follows 

• 

0 

(i) 

Comparison 

of  Age 

10 

groups 

1  &  2 

3  &  4 

5  &  6 

Boys 

8.0 

52.0 

40.0 

Girls 

18.4 

59.2 

22.4 

(2) 

Comparison 

of  Age 

il 

Groups 

1  8c  2 

3  &  4 

5  «3c  6 

Boys 

10.1 

54®  5 

35.4 

Girls 

13.7 

60.3 

26.0 

The  percentage  of  girls  in  the  “1  and  21  groups  is 
greater  than  that  of  the  boys  for  both  ages.  In  the  M5  and 
group }  the  percentage  of  boys  is  higher  than  that  of  the  girls® 


1 n 9 «  „_in  9  of  the  14  pairs  of  average  A  scores  recorded 
in  Table  XIII.,  the  boys*  scores  exceeded  the  girls*  scores; 

2»4»  --in  4  instances  the  girls (  B  scores  were  higher 
than  the  boys’.  (The  table  for  the  "1  and  2"  group  has  not  been 
earlier  recorded  for  reasons  previously  explained. ) 
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La.stly,  the  correlation  coefficients  (See  Table  XV") 

®  higher  for  the  boys*  scores  than  for  the  girls'  scores. 

This  would  seem  to  indicate  a  greater  degree  of  arithmetical 
ability  on  the  part  of  the  boys. 

The  following  comparisons  between  boys*  and  girls* 
scores  now  have  been  made: 

(1)  Total  correct  solutions. 

(2)  Average  scores  holding  age  constant. 

(3)  Average  scores  holding  I.  Q*  constant. 

(4)  Average  scores  holding  both  age  and  I.  Q.  constant* 

(5)  Group  scores  holding  age  and  I.  Q.  constant. 

(6)  Distribution  of  scores  on  basis  of  age  and  I.  Q. 

(7)  Correlation  coefficients* 

All  lines  of  evidence  examined  point  to  one  conclusion 
that  the  boys  excel  in  both  types  of  problem  solving,  although 
the  degree  of  superiority  is  not  outstanding* 

Relation  between  Problem  Solving  Ability  and  Age 

It  has  been  apparent  from  a  study  of  Table  IV.  that  the 
youngest  students  obtained  the  highest  average  scores.  There 
is  a  marked  tendency  toward  lower  average  scores  with  increase 
in  age,  particularly  in  the  B  test*  This  is  true  only  when 
I.  Q(.  is  not  taken  into  consideration. 

In  Tables  VI.  and  VII.  attention  has  already  been 
drawn  to  the  general  increase  in  problem  solving  ability  with 
increase  in  age,  when  I*  Q*  is  held  constant.  This  increase 
is  apparent  in  both  boys*  and  girls*  scores  and  in  both  tests* 
One  girl  of  13  years  of  age  with  an  I.  Q*  slightly  above 
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normal  obtained,  the  highest  pair  of  scores  in  the  entire  test, 
while  a  boy  of  16,  with  a  very  subnormal  rating,  received  scores 
of  7  and  5  on  the  A  and  B  tests  respectively.  Undoubtedly,  age, 
with  experience,  was  an  overpowering  factor  in  each  of  these 
cases. 

The  influence  of  age  is  less  marked  on  the  scores  of 
students  with  low  I.  Q.  rating  than  on  the  more  intelligent 
pupils.  These  findings  are  further  corroborated  by  the  fig¬ 
ures  in  Tables  XXIX.  and  XIV.  Here  the  A  scores  are  kept 
constant  by  groups,  and  the  influence  of  age  on  the  B  scores 
is  revealed. 

Practically  all  those  girls  who  obtained  zero  scores 
on  the  B  test  were  young  in  years.  Their  X.  Q.  ratings  varied 
from  90  to  128.  In  this  case,  age  seems  unmistakably  to  have 
been  a  direct  factor.  The  boys  with  zero  B  scores  were  all 
retarded  cases  with  lew  X.  Q. 

The  correlations  previously  referred  to  for  the  11 
year  old  students,  boys  and  girls,  are  much  lower  than  are 
those  of  either  the  10  or  the  12  year  old  students.  The  old¬ 
est  students  show  the  highest  correlation  between  the  A  and  B 
scores.  The  explanation  here  would  seem  to  be  that  experience 
favors  the  oldest  students,  and  overcomes  the  handicap  of 
lower  mentality,  whereas  a  higher  degree  of  intelligence  or 
actual  reasoning  ability  offsets  the  lack  of  experience  of  the 
youngest  group.  The  11  year  old  students  are  largely  of  nor¬ 
mal  I.  Q.  with  less  ability  than  the  10  year  old  group  and  less 
experience  than  the  12  year  old  group. 
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Wh.ile  the  favorable  influence  of  age  on  problem  solving 
ability  is  quite  evident  from  an  examination  of  the  data,  never¬ 
theless,  as  a  factor,  age  does  not  appear  to  be  as  potent  as 
one  might  have  expected. 

Relation  between  Problem  Solving  Ability  and  I.  q. 

Throughout  this  investigation  the  strong  influence  of 
I.  Q.  has  been  apparent.  An  increase  in  I.  q.  has  almost  in¬ 
variably  been  paralleled  by  an  increase  in  scores  for  both  boys 
and  girls,  at  every  age.  This  is  well  shown  by  the  summary  in 
Table  V.  where  the  supernormal  pupils  of  even  the  younger  ages, 
have  average  scores  equal  to  those  of  the  older  pupils  of  low¬ 
er  I*  q.  rating.  An  examination  of  the  scores  of  the  boys  and 
the  girls  of  ages  10,  11  and  12,  where  numbers  are  adequate, 
reveals  this  rapid  increase  as  one  proceeds  from  the  weaker  to 
the  stronger  pupils.  Furthermore,  the  percentage  increase  in 
Test  B  scores  is,  in  the  majority  of  cases,  very  much  greater 
than  in  the  A  scores.  For  example,  the  12  year  old  girls  of 
less  than  95  I.  q* ,  have  average  scores  on  the  A  and  B  tests 
of  5.36  and  2.75  respectively,  while  the  normal  girls  of  the 
same  age  have  scores  of  3.63  and  4.75  respectively.  The  re¬ 
lation  is  true  for  nearly  all  ages  and  for  both  sexes.  Table 
VIII.,  showing  a  comparison  of  average  scores  on  the  basis  of 
I.  Q.#  discloses  the  same  finding,  the  spread  between  extremes 
of  B  scores  being  greater  than  that  between  the  extremes  of  A 
scores.  An  examination  of  the  distribution  of  scores  by  groups, 
as  given  in  Tables  XI.  and  XII. ,  bears  out  this  conclusion. 

Here,  regardless  of  age,  the  scores  of  the  lower  I.  Q.  divi- 
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sions  are  mainly  in  the  "1  and  2",  or  "3  and  4"  groups, 
while  the  higher  scores  are  recorded  along  with  the  higher 
mental  ratings.  If  any  further  corroboration  is  needed, 
it  is  to  be  found  in  Tables  XIII.  and  XIV.,  where  the  B  scores 
advance  rapidly  as  the  mental  rating  increases.  These  changes 
are  recorded  graphically  in  Figures  2  and  10, 

It  would  appear  that  the  influence  of  I,  is  here 
clearly  established.  The  scores  on  Test  A  have  been  narrowed 
down,  as  a  result  in  all  probability,  of  the  influence  of  teach¬ 
ing,  memorizing,  etc.  The  new  type  of  problem,  on  the  other 
hand,  lacks  this  background  of  instruction,  and  forces  the  pupil 
to  draw  upon  his  or  her  real  problem  solving  ability.  Hence 
the  wide  range  of  B  scores,  A  combination  of  higher  age  with 
higher  I,  Q,.  is  productive  of  the  best  results,  (See  Tables  IVf, 
VI.,  VII.,  XI.  and  XII.)  This  brings  us  back  to  our  earlier 
statement  of  mental  age.  It  will  be  recalled  that  at  a  mental 
age  of  11-g-  years  there  is  a  marked  increase  in  scores,  A  per¬ 
iod  of  understanding  has  arrived,  but  not  before  the  combined 
influence  of  chronological  age  and  mental  age  has  reached  this 
definite  mark. 

The  above  conclusions  may  be  summarized  briefly  as  fol¬ 
lows:  Each  of  the  variables,  sex,  age  and  I.  Q.  is  found  to 
have  a  direct  influence  on  the  problem  solving  ability  of 
Grade  V.  pupils.  The  three  variables  sex,  age  and  I.  are 
effective  in  the  order  I.  Q. ,  age  and  sex. 
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CHAPTER  VI 


CRITICISMS  AND  SUGGESTIONS 

While,  within  the  limits  of  its  scope,  the  findings 
of  this  investigation  have  been  fairly  definite,  the  writer 
submits  the  following  criticisms,  and  suggestions  for  a  con¬ 
tinuation  of  the  investigation. 

The  lack  of  a  complete  history  of  the  students,  in¬ 
cluding  such  factors  as  health,  earlier  teaching,  length  of 
period  of  school  attendance,  etc.,  has  allowed  the  entrance 
of  these  uncontrollable  factors,  which  may  cause  discrepancies 
difficult  to  understand  and  interpret. 

As  has  been  stated,  the  number  of  pupils  represented 
at  each  end  of  the  9-15  period  under  consideration,  has 
been  comparatively  small.  In  some  classes  the  number  of 
cases  at  these  extremes  has  been  practically  nil.  For  this 
reason  it  is  difficult  to  draw  conclusions  in  regard  to  these 
ages  with  the  required  degree  of  assurance.  It  would  be 
necessary  to  draw  from  possibly  1000  cases  of  Grade  V.  pupils 
in  order  to  get  a  proper  sampling  of  young  and  old  pupils 
for  the  grade. 

Again  the  fact  that  some  of  the  problems  of  Test  A 
were  mechanically  beyond  the  ability  of  Grade  V.  students, 
made  the  scores  not  so  high  in  this  test  as  they  would  other¬ 
wise  have  been,  although  the  conclusions  drawn  would  pos¬ 
sibly  be  unaffected.  For  a  verification  of  these  findings 
the  writer  would  suggest  a  test  on  problems  of  the  same  type 
as  those  represented  on  Test  A,  but  standardized  within  the 
range  of  Grade  V.  students'*  mechanical  ability. 
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It  would  be  interesting  and  profitable  to  carry  this 
investigation  on  in  other  grades,  preferably  first  in  Grades 
IV.  and  VI.,  where  the  earlier  and  later  ages  previously  re¬ 
ferred  to  would  be  met  with  in  greater  numbers  than  could 
be  found  in  Grade  V.  alone.  With  several  such  coherent  in¬ 
vestigations  carried  on  through  the  public  school  grades, 
one  would  have  comprehensive  material  with  which  to  compare 
the  varying  degrees  of  influence  exerted  by  sex,  age  and 
I.  Q,.  respectively. 

If  possible  of  accomplishment ,  an  investigation 
carried  on  among  subnormal  and  supernormal  students  would 
reveal  information  helpful  in  the  better  understanding  of 
the  normal  mental  age. 

Further  work  might  be  done  in  the  comparison  of  the 
relative  problem  solving  ability  of  the  two  sexes,  by  ob¬ 
taining  added  data  on  the  average  mental  age  at  which  the 
boys  and  the  girls  reach  the  stage  of  understanding. 

The  figures  dealing  with  the  correlation  between  the 
A  and  B  tests  are  very  interesting,  in  that  the  boys’  cor¬ 
relation  coefficients  are  consistently  higher  than  those  of 
the  girls,  but  the  two  sexes  show  a  distinct  parallelism 
with  a  decided  drop  at  11  years  of  age.  An  extension  of 
this  investigation  along  these  lines  should  be  productive 
of  interesting  results  and  would  also  clear  up  the  writer’s 
difficulty  in  explaining  the  above  data. 
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CHAPTER  VII 


APPLICATION  TO  EDUCATIONAL  METHODS 

The  results  of  this  investigation  would  appear  to 
have  a  direct  bearing  upon  the  methods  of  teaching  Grade  V. 
Arithmetic . 

The  present  day  tendency  in  teaching  Arithmetic  in 
Grade  V.  deals  with  the  presenting  of  problems  to  be  solved 
by  a  more  or  less  mechanical  method  following  type  questions. 
The  previous  four  years  of  public  school  life  have  been  spent 
in  mastering  the  four  fundamentals  of  Arithmetic  with  some 
slight  application  to  simple  problems.  In  Grade  V.  the  apply¬ 
ing  of  the  mechanical  processes  previously  mastered,  is  car¬ 
ried  further.  Whether  or  not  the  pupils’  mental  development 
warrants  the  procedure  as  now  carried  on  in  our  schools,  is  a 
question  upon  which  the  results  of  this  investigation  should 
throw  some  light.  Teachers  have  seldom  questioned  the  ability 
of  the  pupils  to  understand  the  various  steps  in  the  process 
of  problem  solving,  deeming  it  sufficient  for  the  pupil  to  be 
able  to  follow  in  order  the  steps  as  taught  in  the  types. 

Several  investigators  have  partially  analysed  prob¬ 
lem  solving  difficulties  and  have  presented  their  findings 
in  short  journal  articles  and  bulletins.  A  number  of  other 
investigations  have  been  conducted  more  recently  in  this 
university  with  results  mat  are  decidedly  interesting. 

The  present  system  of  grading  places  together  in  a 
grade,  all  types  of  students,  boys  and  girls,  young  and  old, 
feeble-minded  and  supernormal,  as  a  result  of  their  having 

absorbed  a  certain  amount  of  knowledge,  a  process  in  which 
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the  actual  ability  of  the  teacher  to  engrave  her  lesson  on 
the  minds  of  the  pupils  is  a  most  decisive  factor.  As  shown 
in  the  above  results,  the  pupils'  creative  ability  is  of 
secondary  importance  to  their  power  to  assimilate  what  is 
presented  to  them.  The  evidence  submitted  above  reflects 
credit  on  the  teaching  ability  of  Grade  V.  teachers,  but  not 
on  the  methods  they  are  required  to  follow. 

This  brings  us  face  to  face  with  thas  larger  problem: 
Are  educational  authorities  justified  in  expecting  students 
of  Grade  V.  ability  and  intelligence  to  learn  and  execute 
the  processes  as  taught  at  present,  or  is  some  revision  of 
the  present  course  of  study  desirable..  This  is  a  vital  ^ 
question  which  may  require  a  very  considerable  amount  of  in¬ 
vestigation  before  it  is  finally  settled. 
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